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Development of a Malignancy Risk Classifier for Indeterminate Pulmonary Nodules Using 

Bronchoalveolar Lavage Immune Cell Signatures 

 

 

Dear Lung Cancer Canada and GOMRG Committee: 

  

This project aims to determine whether gene expression signatures of background lung immune 

cells collected from around lung nodules through bronchoalveolar lavage could be used to 

predict whether the nodule is likely cancer or not. If we can use signals from immune cells to 

predict the presence of nearby malignancy, then even otherwise non-diagnostic samples could 

become informative. 

The classifier we propose to develop is expected to be readily clinically implementable, enabling 

earlier definitive management for lung cancer and reducing unnecessary procedures for patients 

with benign lesions.  

Thank you for reviewing our application and for your support of lung cancer research. We 

sincerely hope to have the opportunity to pursue the work outlined. 

 

Sincerely, 

 
Julia Naso 

Consultant Thoracic Pathologist, Vancouver General Hospital 

Clinical Assistant Professor, Pathology and Laboratory Medicine, University of British Columbia  
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Summary of Proposed Research 

Pulmonary nodules are commonly detected on CT scans incidentally or through lung 

cancer screening programs. However, benign nodules (e.g. scars, granulomas and organizing 

pneumonia) may be indistinguishable from lung cancer on imaging, particularly without interval 

follow-up. Patients commonly wait through years of imaging follow-up before diagnosis, and 

may have unnecessary major surgery: up to 48% of patients undergoing surgical lung resection 

do not have prior biopsy diagnosis,1,2 and 10-14% of such ‘undiagnosed’ nodules are found after 

surgery to be benign.1,3,4 These unnecessary surgeries have considerable risks, with lobectomy 

for moderate-risk patients having 3% mortality and 21% risk of cardiopulmonary complications.5 

Conversely, delaying surgery to allow longer imaging follow-up may allow even small tumors to 

seed incurable metastases. Early metastatic divergence is predicted to occur when tumors are less 

than 8 mm,6 and even the earliest stage lung cancer (stage IA, measuring ≤ 1 cm) has a ~15% 

chance of recurring as metastatic disease following clinically complete resection.7  

Current attempts at diagnosis on biopsy/cytology have very limited sensitivity because 

they rely on malignant cells being seen. If we can use signals from background reactive cells to 

predict the presence of nearby malignancy, then even otherwise non-diagnostic samples could 

become informative. Bronchoalveolar lavages (BALs) contain cells rinsed out of a lung region 

through the airways, and are commonly performed for microorganism cultures (to exclude active 

infection) and screening for malignant cells. BALs capture malignant cells in less than a quarter 

of patients with lung cancer8–10 but almost always show abundant immune cells (Figure 1A). 

Immune cells in the lung cancer microenvironment have signatures distinct from those in normal 

lung.11–14 These differences are observable in BAL specimens,15,16 and we hypothesize such 

differences would also be present in comparison with benign nodules.  The development of a 

malignancy risk classifier requiring only the non-neoplastic cells in BALs would enable these 

minimally invasive samples to be informative for a much greater proportion of patients.  

Our overall objective is to identify non-neoplastic cell signatures in BAL specimens 

from lungs with benign or malignant nodules. Our central hypothesis is that the expression of 

immune signaling genes in BAL specimens can be used to accurately distinguish benign and 

malignant nodules. Our approach will be to use NanoString Immune Panel Assays on archival 

BAL specimens (Figures 1B and 2). In preliminary data (n=24) we identify alpha-beta T cell 

activation as downregulated and MHC class II assembly as upregulated in false negative BALs 

from lung adenocarcinoma patients compared to BALs from patients with benign lung nodules 

(q-values<0.05, Figure 3). A gene expression signature of ICAM2, C3, CARD9, TGFB2, PNMA1, 

and IL22RA2 was able to discriminate adenocarcinoma cases from benign controls with 100% 

sensitivity and specificity (Figure 4A,B). This finding was reproduced with 100% sensitivity and 

specificity using an external gene expression microarray dataset of BAL specimens (malignant 

n=9; benign n=6).15 NanoString data for an additional 24 cases is currently being generated, 

which will exhaust UBC New Faculty Award funds for this project. The requested funding is 

essential to bring the total sample size up to 96, necessary to have suitable statistical power 

(0.86) for detecting differences between groups with a false discovery rate (FDR) of 0.05, based 

on the mean and standard deviation for the 50 most differentially expressed genes in the first 24 

cases. Profiling this well-powered cohort is critical to avoid overfitting in classifier generation, 

ensuring results are generalizable to future validation cohorts.  

The rationale for this approach is that tumor cells are often not present in BAL samples, 

whereas immune cells are abundant, and the current clinical practice of disregarding immune 

cells in BAL specimens results in missed opportunities for early diagnosis.  Compared to other 
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bronchoscopy specimens, BALs enable greatest sampling of immune cells in alveolar 

parenchyma/airspaces with minimal upper airway contamination. The applicability of our 

classifier to specimens prepared in existing clinical workflows and able to be stored while 

conventional diagnostic investigations are completed supports rapid clinical implementation. 

Upon completion, we expect to have developed a robust and clinically feasible malignancy-risk 

classifier. 

Specific Aims: Aim 1: Perform gene expression profiling of BAL specimens: Archival 

clinical BAL cell blocks from an additional 48 patients (for a total cohort size of 96, half with 

lung carcinoma and half with benign lung nodules), will be profiled using the NanoString 

PanCancer Immune Profiling nCounter Assay (770 genes, suitable for as little as 25 ng RNA). 

BAL specimens that were culture positive for pathogenic organisms or had definite malignant 

cells identified on clinical cytomorphology assessment will be excluded as these specimens are 

already sufficient for clinical diagnosis. Including only the remaining specimens ensures that the 

identified signatures are applicable to specimens for which additional diagnostic tools are 

needed. To ensure that the benign and malignant group designations are correct, all specimens 

will have either diagnostic confirmation on another specimen or 2 years of imaging follow-up to 

exclude malignancy. Acquisition of the proposed sample size is feasible based on ~250 BALs 

having been performed each year at our site and blocks up to 10 years old being suitable for 

NanoString assessment (probe-based assay, robust to degradation). Malignant and benign cohorts 

will be balanced for never versus former smoking, autoimmune disease, sex, and time since 

specimen collection. Currently smoking patients will be excluded to avoid confounding effects of 

smoking-related immune dysregulation; possible generalizability of the classifier to currently 

smoking patients will be explored in subsequent validation studies.  

Aim 2: Identify malignancy-risk prediction signatures: Differential gene expression 

and pathway activity in benign versus malignant samples will be identified. We will use nSolver 

for quality assessment, normalization and differential expression analysis with false discovery 

rate correction. Gene set enrichment analysis will use the R clusterProfiler package, and the 

glmnet package will be used for penalized Lasso regression models. A neural network classifier 

for malignancy prediction will be implemented in PyTorch with SHAP score assessment for 

feature selection.17,18 Classifier performance will be assessed in five-fold cross validation. The 

genes with greatest importance in the classifier will be identified, and a final gene set of a size 

practical for clinical assessment in custom NanoString assays (up to ~40 genes) will be 

determined.  

Aim 3: Comparison to external datasets and clinical/histologic features: To validate 

differential expression, identify the cell types with differential gene expression, and assess the 

generalizability of our findings we will assess genes of high importance to the classifier in 

publicly accessible single cell gene expression profiling data19–22 and public BAL gene 

expression datasets15,16 from lungs with and without cancer (example in Figure 4C,D). We will 

also assess our BAL gene expression data for associations with other clinical and histologic 

features of our study patients and their tumors, to understand features potentially impacting or 

impacted by immune microenvironments. The final classifier gene set will be refined based on 

these data, to produce a malignancy risk classifier likely to have robust performance in future 

prospective studies using custom NanoString probe sets. 

UBC Research Ethics Board approval with a waiver of patient consent has been 

obtained. Our team of clinician scientist pathologists, cancer genome researchers, lung cancer 

immunologists and bioinformaticians is expertly positioned to deliver results on this project.  
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Appendix: 

 

 
 

Figure 1: (A) Bronchoalveolar lavage cell blocks (hematoxylin & eosin stain, 400X) typically 

contain macrophages, lymphocytes and bronchial epithelial cells in variable proportions, with 

occasional neutrophils present.  Understanding the precise cell types present and their activities 

requires molecular studies. (B) Approach to project objectives.  

 

 

 

Activity 2026 

Q1 Q2 Q3 Q4 

Specimen identification and retrieval     

RNA extractions and NanoString assays     

Differential gene expression analysis, classifier development     

Comparison with single cell and external data     

Manuscript preparation     

 

Figure 2: Project timeline 
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Figure 3: BAL NanoString profiling using NanoString Immune Panel Assays shows differential 

activity of (A) gene ontology groups and (B) genes between cytologically negative samples from 

patients with benign (n=12) and adenocarcinoma (n=12) lung nodules. Colored points indicate 

statistically significance (FDR < 0.05) after multiple testing correction. 
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Figure 4: (A) Lasso regression with five-fold cross-validation identified genes predictive of 

adenocarcinoma vs. benign lung nodules. (B) Expression of key predictive genes in BALs from 

patients with adenocarcinoma vs benign nodules. (C) Single cell gene expression profiling of 

lung carcinoma resection specimens enables clustering of cells by type and (D) can be used to 

identify the cell types expressing the four key predictive genes. Moderate expression in 

lymphocyte or myeloid cell clusters is seen for all four genes, supporting the notion that the 

differential expression signals could be from different populations/activities of immune cells.  
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Impact Statement:  

Bridging the gap between CT screening and early diagnosis for lung cancer requires an 

ability to distinguish whether nodules detected on imaging are benign or malignant. Each year 

there are ~1.9 million Canadians with an incidental lung nodule identified each year23,24 and 

thousands more with screen-detected pulmonary nodules.25 These patients are in critical need of 

improved minimally invasive strategies for determining whether their lung nodules are likely 

malignant. 

Upon completion of this project we expect to have developed an accurate and clinically 

feasible classifier for malignancy-risk, based on assessment of routinely collected minimally 

invasive samples. The classifier we propose would be the first capable of using otherwise 

uninformative BAL cell blocks to risk-stratify indeterminate lung nodules. Prior studies of BALs 

have shown differences in gene expression between samples from lung cancer patients and 

normal lungs (i.e. patients without lung nodules), and this study fills an urgent need to adapt such 

signatures to lung cancer vs benign nodule discrimination, the scenario seen in clinical practice. 

We expect our malignancy-risk classifier to provide critical information for guiding 

decisions on surveillance intensity, biopsy and surgical resection for patients with screen-

detected or incidental lung nodules, ultimately enabling lung cancer patients to receive more 

timely diagnoses and more effective lung cancer management, while also reducing unnecessary 

procedures for patients with benign lesions.    

Our approach is designed for rapid clinical translation through (i) our leveraging of 

archival tissues with pre-existing long-term follow-up data, (ii) our use of an assay type that can 

feasibly be performed in clinical laboratories at low cost (clinical NanoString assays are 

performed weekly at our hospital, with reagent costs <$100/sample) and (iii) our use of a 

specimen type that is already routinely collected on patients with lung nodules and prepared in 

the clinically standard fashion. The compatibility of our classifier with existing clinical 

workflows makes it well suited to rapid clinical implementation. 

The present study provides the requisite scientific basis for prospective test validation and 

clinical trials, which we will pursue following completion of this study. Local prospective 

implementation of the classifier through a custom NanoString panel applied to BALs as a 

laboratory-developed test would be supported through Dr. Naso’s clinical practice in molecular 

and thoracic pathology, enabling acquisition of data for wider health regulator clearance. Overall 

our team is well-positioned to deliver scientifically robust findings readily translatable into 

improved care for lung cancer patients in Canada and beyond. 
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Public Summary 

Lung nodules may be detected on CT scans performed to detect lung cancer in patients at 

risk (screening), or may be unexpected findings on imaging for other concerns. Such nodules 

may or may not be lung cancer. Distinguishing these possibilities on initial CT scans is 

challenging as lung cancer and scars may appear similar. Patients may wait through multiple 

years of imaging follow-up to help predict whether a nodule is cancer, and may have 

complications from biopsies, which often do not provide a diagnosis as cancer cells are often not 

picked up. Many surgeries to remove a lung nodule are done without prior definite diagnosis, and 

many of these surgeries are later found to be unnecessary as the nodule turns out to be benign.  

Safely and promptly determining whether a lung nodule is likely to be cancerous is thus 

critical for allowing high-risk nodules to proceed to management (e.g. through sooner interval 

follow-up or proceeding to repeat biopsy or surgery), and for patients with low-risk nodules to 

avoid unnecessary procedures and have less intensive surveillance. Current attempts at diagnosis 

often are not informative because they rely on malignant cells being seen. If we can use signals 

from immune cells collected from the lungs to predict the presence of nearby cancer, then even 

otherwise unhelpful samples could become informative. Immune system cells in the lung can be 

rinsed out and collected through the airways in a minimally invasive procedure, bronchoalveolar 

lavage (BAL). BALs are already commonly performed on patients with lung nodules. This 

project aims to determine whether immune cells collected from around a lung nodule through 

BAL could be used to predict whether the nodule is likely to be a cancer, to guide next steps in 

management. 

Initial data from our team has identified different genes ‘turned on’ in BAL samples from 

patients with versus without lung cancer. The samples that these signals were found in had no 

identifiable cancer cells, such that the differences in gene activity appear to be from different 

populations or activities of non-cancer cells. The genes with different activity had immune-

related functions and expression in immune cell types, and thus may reflect immune system 

responses that are specific to lung cancer. These signals may therefore able be to inform on 

whether lung cancer is likely to be present.  

We propose to develop a cancer-risk classifier that uses leftover cells from BAL 

specimens. The requested funding will enable us to profile enough BAL samples to be confident 

that the classifier we develop will have similar performance on future datasets, including in 

future possible clinical use. As our classifier could be applied to existing workflows at low cost, 

we anticipate rapid clinical implementation, enabling earlier management for lung cancer and 

reducing unnecessary procedures for patients with benign lesions. Such improvements in patient 

care have the potential to benefit the ~1.9 million Canadians with incidental lung nodules 

identified each year and the thousands more with screen-detected pulmonary nodules.  

 

 

 

  



12 
 

Budget 

 

Block and slide retrieval: $26/case x 48 cases = ~$1,250 

RNA extraction: $50/case x 48 cases = $2,400 

NanoString immune panel assay: $444 per assay x 48 samples: ~$21,350 

The cost per assay includes $394 for the probeset, $38 for the mastermix, and shipping costs 

based on our prior orders.  

VGH Molecular Laboratory Scientist Georgina Barnabas (salary separately funded) will conduct 

the NanoString assays, and data will be analysed by pathology resident Mark Trinder.  

Total request: $25,000 
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List of Investigators: 

 

Principal Investigator: Dr. Julia Naso, MD/PhD, FRCPC 

Thoracic and Molecular Pathologist, Vancouver General Hospital 

Clinical Assistant Professor, University of British Columbia  

Molecular and Advanced Pathology Core (MAPcore) Co-Scientific Lead  

Medical Research Director for Anatomical Pathology, Vancouver General Hospital 

 

Co-Investigator: Dr. Mark Trinder, MD/PhD 

Diagnostic and Molecular Pathology Resident 

University of British Columbia 

 

Co-Investigator: Dr. Marco A. Marra, PhD, FRS(C), FCAHS, O.B.C., O.C. 

Distinguished Scientist, Michael Smith Genome Sciences Centre, BC Cancer Research Institute 

UBC Killam Professor, Department of Medical Genetics 

Tier 1 Canada Research Chair, Genome Science 

 

Co-Investigator: Cathy Yan 

PhD Student, Department of Medical Genetics, University of British Columbia 

Canada’s Michael Smith Genome Sciences Centre, BC Cancer Research Institute 

 

Co-Investigator: Dr. Katey S.S. Enfield, PhD 

Scientist, Integrative Oncology, BC Cancer Research Centre 

Assistant Professor, Department of Pathology and Laboratory Medicine, University of British 

Columbia 

 

Co-Investigator: Dr. Emilia Lim, PhD 

Assistant Professor, Biochemistry and Molecular Biology, University of British Columbia 

Investigator, Edwin S.H. Leong Centre for Healthy Aging 

 

  



14 
 

 


